In this study, some physiological indexes of leaves in transgenic sweetpotato (Ipomoea batatas L. cv. Yulmi), which harbors two genes CuZn superoxide dismutase (CuZnSOD) and ascorbate peroxidase (APX) genes, with the stress-inducible SWPA2 promoter were evaluated under different concentrations of NaCl treatment. The results showed that physiological indexes were no remarkable differences without NaCl stress between the transgenic sweetpotato (TS) and the non-transformed sweet potato (NS). The activity of superoxide dismutase (SOD), ascorbate peroxidease (APX), peroxidase (POD) and catalase (CAT) in leaves of TS was always higher than NS under the same NaCl stress, respectively, and when the concentration NaCl with 100 mmol/L, the enzyme activities was the most significant difference especially. On the other hand, the root length of TS was longer than that of NS. And the decline range of chlorophyll and malonaldehyde (MDA) content in leaves of TS was lower than that of NS. All these results indicated that transgenic sweetpotato had the resistance to salt tolerance. Therefore, there would be a great significance in efficiently utilizing saline land and alleviating the energy crisis by developing and planting transgenic sweetpotato plants with salt tolerance.
Background
There are a lot of wasteland in the coastal areas, the north and northwest of China because of the soil salinization. Sweetpotato (Ipomoea batatas (L.) Lam.) as an important food, feed, industrial raw material and new energy source crops, is a strong applicability crop. Therefore, there would be a great significance in efficiently utilizing saline land and alleviating the energy crisis by developing and planting transgenic sweetpotato plants with salt tolerance.
Under environment stresses, the antioxidant defense system of plants will play a coordinating role to effectively scavenge the superoxide radicals, H 2 O 2 , singlet oxygen and hydroxyl free radicals, aviod lipid peroxidation, and prevent the cell membrane from harm. SOD, CAT, POD and APX play an important role in removing excess reactive oxygen species (ROS) of cellular, among them, two key ROS detoxification enzymes in the chloroplast are SOD and APX. SOD is the first substance in common defense response against abiotic stresses and catalyzes the dismutation of two molecules of the superoxide anion radical into oxygen and hydrogen peroxide, and APX reduces hydrogen peroxide to water by utilizing ascorbate as an electron donor (Mittler, 2002) . Recently, SOD genes have been overexpressed in plants to improve their tolerance to environmental stresses (Yu et al., 1999; Kwon et al., 2002) . Liu et al (2003) used transgenic potato plants as the materials to study the changes of active oxygen metabolism and protective enzyme at different NaCl concentrations stress, the results showed that the transgenic potato with CuZn-SOD gene had a strong antioxidant capacity and a potential ability in salt tolerance. The previous work demonstrated that transgenic plant expressing the genes of APX improved its tolerance to oxidative stress (Kornyeyev et al., 2001) . Transgenic tobacco plants expressing both CuZnSOD and APX provide stronger protection to methyl viologen (MV)-induced oxidative stress than transgenic tobacco plants expressing CuZnSOD, MnSOD or APX, which was relative with SOD and APX scavenging ROS at the same time in different path (Kwon et al., 2002) . There were many reports indicated that transgenic sweetpotato plants expressing the genes of CuZnSOD and APX in chloroplasts improved its tolerance to drought, chilling, high temperature and sulfur dioxide stress responses (Lim et al., 2007; Li and Deng, 2007) .
The foreign gene cannot express without high-effective expression promoter. The constitutive promoter CaMV was used in the most transgenic researches; however, this kind of constitutive promoter drives the gene to express regardless of time and space. For example, Kasuga et al (1999) reported that with the help of CaMV 35S promoter, it can drive the expression of the DREB1A gene related to drought resistance resulted in severe growth retardation under normal growing conditions. The stress-inducible promoter has the transcriptional activity because of the signal stimulation, comparing to tissue and organ-specific promoter, it can drive the target gene up-regulation expression only after the plants was stimulation by signal, so that it not only does not result in waste of resources in plants, but also improve resistance of plant. Kim et al (2003) reported that the isolation of a strong oxidative stress-inducible promoter of POD (SWPA2) from sweetpotato and then characterized that it was more effective to drive resistant gene expression in transgenic tobacco plants. The application of SWPA2 enhanced tolerance to environmental stresses of transgenic potato and sweetpotato plants (Tang et al., 2006; Lim et al., 2007; Ahmad et al., 2008) . Therefore, the stress-inducible promoter might be useful for the development of stress-tolerant transgenic plants.
In this Study, some physiological indexes of leaves in transgenic sweetpotato (Ipomoea batatas L. cv. Yulmi), which harbors two genes CuZn superoxide dismutase (CuZnSOD) and ascorbate peroxidase (APX) genes with the stress-inducible SWPA2 promoter were evaluated under different concentrations of NaCl treatment, which would provide a basis for breeding stress-tolerant sweetpotato plants.
Results and Analysis
1.1 PCR analysis of transgenic plants PCR analyses were performed to determine integration of SOD, APX, and neomycin phosphotransferase Ⅱ (NPTⅡ) genes in the genomic DNA of transgenic plants. The result showed that the predicted 458 bp, 752 bp and 700 bp internal fragments for the SOD, APX, and NPTⅡ, respectively, were amplified in the transgenic plant, indicating that those genes were integrated into the genome (Figure 1 ). 
Anti-oxidation enzyme assays
The enzyme activities of SOD, APX, CAT and POD showed approximately the same trend in transgenic sweetpotato under NaCl stress ( Figure 2 ). The levels of SOD, APX, CAT and POD activities in leaves of TS were always higher than those in NS under the same NaCl stress, which indicated that excessive expression of SOD-APX gene were also raised POD and CAT activities of the antioxidant enzyme system, thus strengthen the ability to withstand attack of superoxide radical, etc. Physiological indexes were no remarkable differences without NaCl stress between TS and NS, which was concerned with the stressinducible promoter that did not start the expression of foreign genes. With the increase of the concentration of the Nacl, the enzyme activity in TS improved quickly, and reached the peak value in 100 mmol/L NaCl concentration. We observed remarkable differences under 100 mmol/L NaCl concentration between TS and NS (P<0.01). In the case of the APX activity, this exhibited a significant difference (P<1%) from NS at 100 mmol/L NaCl, approximately 4-fold higher than Plant Gene and Trait 2012, Vol.3, No.2, 6-12 http://pgt.sophiapublisher.com 8 that without NaCl treatment and 7-fold higher than the NS at the 100 mmol/L NaCl concentration (Figure 2 ). When salt stress was in 150 mmol/L NaCl concentration levels, the enzyme activity decreased in TS and NS, because cell plasmid membrane was destructed seriously and antioxidant enzymes were inactivates. By contrast to TS, the enzyme activities of NS decrease sharply, even increased few or decreased below the 100 mmol/L NaCl concentration level, SOD activity decreased under the 50 mmol/L NaCl concentration level. These showed that transgenic sweetpotato might efficiently tolerate the salt stress, because excessive expression of SOD-APX gene with the stress-inducible promoter. 
MDA (Malondialdehyde) content
The MDA is one of the final products of the cell membrane damage because of free radicals attack. The MDA content positively correlated with NaCl concentration. There was no remarkable difference without NaCl stress between TS and NS, however, there were remarkable differences under NaCl stress between TS and NS (P<0.01 and P<0.01; Figure 3) . The MDA content of TS was lowest under the 100 mmol/L NaCl concentration level, resulting from high enzyme activities which cleaned extra MDA, thereby reduced the damage of the cell membrane. When salt stress was in 150 mmol/L NaCl concentration levels, the MDA content increased in TS and NS, because cell plasmid membrane was destructed and the enzymes activities declined. 
Chlorophyll content
The chlorophyll content of the leaf reduced due to NaCl stress (Rao and Rao, 1981) . There was no remarkable difference without NaCl stress between TS and NS. The decline range of the chlorophyll in the leaves of TS was smaller than in the NS with NaCl stress. There were remarkable differences under the 100 mmol/L and 150 mmol/L NaCl stress between TS and NS (P <0.01) ( Table 1) . Ke and Pan (1999) reported salt stress could lead to disintegration of chloroplast fine structure and make pigment protein complex instability, so the chlorophyll was destroyed, and inevitably reduced the absorption of light energy. The Table 1 showed that the chloroplasts of NS were destroyed seriously, which of TS were also a certain degree of damage under 150 mmol/L NaCl concentration level.
The root length
Under normal conditions, the root of the TS and NS could grow very well. With the increase of the NaCl concentration, the root growth was restrained, but the root length of TS was longer than the NS. There were remarkable differences under the 100 mmol/L and 150 mmol/L NaCl stress between TS and NS (P<0.01; Figure 4 ). In addition, the author also found the more fibrous root of the TS grew than the NS in 50 mmol/L NaCl and 100 mmol/L NaCl concentration level. This meant that the transgenic plants could be better to resist salt harm.
Discussion
In the long course of evolution, the plant formed the perfect and complex protection system including enzymes and non-enzymatic antioxidant systems to cope with oxidative stress (Du et al., 2001) . The SOD and APX are two key enzymes in the ROS scavenging system (Perl et al., 1993; Badawi et al., 2004) , which could clear out active oxygen on different path (Asada, 1999) . Transgenic tobacco Figure 4 The root length under NaCl stress under NaCl (Kwon, 2002) . In this study, we also confirmed that transgenic sweetpotato plants expressing both CuZnSOD and APX improved the salt resistance.
In view of the foregoing results, with NaCl concentration increasing, the activity of SOD, APX, CAT and POD in sweetpotato leaves was increased firstly and then decreased, while in general condition, the activity of these four enzymes in transgenic sweetpotato was higher than no-transgenic sweetpotato. When antioxidant enzyme activities increased, H 2 O 2 decreased in cell, which increased the stability of membranes and CO 2 fixation because the enzymes of the Calvin cycle within chloroplasts are extremely sensitive to H 2 O 2 . When the H 2 O 2 level rose to a certain degree to trigger foreign gene over-expression, consequently higher antioxidant enzyme activities of TS occurred at 100 mmol/L NaCl, especially APX activity had a substantial increase at 100 mmol/L NaCl. The different increasing value of APX activity and other antioxidant enzyme activities suggest that APX might be responsible for the fine modulation of ROIs signaling during stress, and that of CAT might be responsible for removal of excess ROIs (Mittler, 2002) . Further intensification of the NaCl stress caused decreases of antioxidant enzyme activities in both sweetpotato plants, because cytoplasmic membrane was destructed seriously and antioxidant enzymes were inactivated. But the degrees of decline were moderate in transgenic sweetpotato and sharp in no-transgenic sweetpotato.
The MDA content and the decline range of the chlorophyll of TS were lower than that of in the NS under NaCl stress. These results were agreed to the results of the root length. These correlated with improvement of the enzymes activities. The MDA content and the decline range of the chlorophyll of TS increased a little with increasing a little of the enzyme activities under the 50 mmol/L NaCl concentration level. This might due to the response time to NaCl stress signal. With the enzyme activities improved quickly under the 100 mmol/L NaCl concentration level, The MDA content of TS decreased a little and the decline range of the chlorophyll of TS did not increased so much, consequently here it became evident that ROS cleaning system is a complex balance process and the high enzyme activities could not cleaned out the whole of the MDA.
All of the above results indicate that the tolerant improvement of transgenic sweetpotato to salt stress is accompanied with the enhancement of antioxidative capacity. With the development of research, transgenic plants with salt tolerance would be applied in the saline land and improve the ecological environment.
Materials and Methods

Materials
Transgenic sweetpotato plants with CuZnSOD and APX genes and sweetpotato plants cv. Yulmi as control (Lim et al., 2007) grew under normal growth conditions until 6~7 leaf stage. And then, their stems with 5 leaves were treated with solutions containing 0 (as control), 50 mmol/L, 100 mmol/L and 150 mmol/L NaCl and maintained for 5 days with 3 replicates, each replicate consisting of 5 plants.
Analysis of PCR
The genomic DNA of the TS and NS leaves was extracted according to modified CTAB method . The specific primers for the PCR analysis were designed according to the sequences of NPTⅡ, SOD and APX. A 750 bp product appro-ximately was amplified with the NPTⅡ primer (5'-GAGGCTATT CGGCTATGACTG-3', 5'-ATCG GGAGCGGCGATA CCGTA-3'); a 752 bp product was amplified with the APX primer (5'-ATGGGAA AATCTTACCCAACTG TTA-3', 5'-TTAGGCTTCA GCAAATCCAAGCTC-3'), as well as the SOD primer (5'-ATGGTGAAGGCTGA AGCTGTTCTT-3', 5'-C TATCCTCGCAAACCAAT ACCG-3') with a 458 bp product. PCR amplification reactions were initially incubated at 94℃ for 5 min, followed by 30 cycles at 94℃ for 1 min, 62℃ (NPT Ⅱ, SOD) or 60℃ (APX) for 1 min, and 72℃ for 1 min, at last 72℃ for 5 min. The reaction products were analyzed by 1.2% agarose gel electrophoresis.
Physiological indexes assays
The third fully expanded leaf from the top of the NS and TS plants was collected to assay for SOD, APX, CAT, POD activities and MDA content, respectively. Leaf samples (1 g) were homogenized in ice cold 0.1 M phosphate buffer (pH=7.8 for SOD and CAT extraction, pH=7.0 for APX, POD and MDA extraction) containing 1% PVP (polyvinyl pyrrolidone) with pre-chilled pestle and mortar. Each homogenate was transferred to centrifuge tubes and was centrifuged at 4℃ for 15 min at 12 000×g. The supernatant was used for enzyme activity assay.
SOD activity was measured by recording the decrease in absorbance of superoxidenitro blue tetrazolium complex by the enzyme (Beauchamp and Fridovich, 1971) . Absorbance was recorded at 560 nm and one unit of SOD activity was defined as that which inhibited 50% of the reaction rate under these conditions. APX activity was measured according to Shen et al (1996) by monitoring the rate of ascorbate oxidation at 290 nm. 1 unit enzyme activity was computed by enzyme amount decreasing 0.1 in absorbance per minter. CAT activity was measured according to Zeng et al (1991) . 1 unit enzyme activity was computed by enzyme amount decreasing 0.1 in absorbance per minute. POD activity was measured using methyl catechol. Absorbance was recorded at 470 nm for 0 min, 1 min, 2 min and 3 min. 1 unit enzyme activity was computed by enzyme amount increasing 0.1 in absorbance per minute. MDA content was measured using thiobarbituric acid reagent according to Zhao et al (1994) .
The chlorophyll content
The chlorophyll content was measured by Chlorophyll Content Meter (USA, Opti-Sciences, CM-200). The same location of the third fully expanded leaf from the top of the NS and TS plants was collected to assay with 3 replicates, each replicate consisting of 3 leaves.
The root length
The root length was measured with 3 replicates, each replicate consisting of 20 roots, after growing in different NaCl concentration levels for 5 days.
3.6 Data analysis DPS software was used for analysis the variance and significant differences in tests.
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